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It can be shown however that if the regulatory authority adds the cost
of the additional capital required by new investment projects into the
allowed rate of return, and if there is no regulatory lag, the utility will-realize
an appropriate compensatory return on incremental investment. For exam-
ple. let X' be the incremental market cost of capital for a new project
requiring an investment of | dollars. Regulatory authority typically would
not calculate K’ as a separate return. But if the cost of capital is calculated as
a weighted average of the embedded cost of debt and an estimated cost of
equity, the incremental cost of capital for the additional asset will add K’ I
dollars to the overall revenue requirements. In effect, then, if the regulatory
commission incorporates the cost of additional capical into the allowed rate
of return. the utility will realize K’ on incremental invesument. other things
equal. If there is regulatory lag however, a utility’s rate of return on new
projects will deviate from the current capital costs. The only way to avoid
this is through an arbitrary return adjustment, similar to an aurition

allowance.

In summary, the rationalization of the use of book quantities instead of
the more economically correct market quandties is not unreasonabie for

purposes of sewing rates.

142 THE EFFECT OF CAPITAL STRUCTURE ON COST OF
CAPITAL

This section describes the effects of capital structure changes on the
cost of capital in an infofmal intuitive manner. The existence of an opurmal
capital structure is shown based on reasonable behavior postulates on the
part of bondholders and equity holders. The next section oudines the

formal theoretical justifications.

Chapter 8 described in detail the distinction between business risk and
financial risk. Business risk refers to the variability of operating profits
inherent in the nature of the business in which the company is engaged.
regardless of its finandial structure. This variability is largely induced by the
external forces of supply and demand for the firm's products. Financial risk
refers o the additional variability of earnings induced by the empioyment of
fixed cost financing such as debt and preferred stock. A fundamental
concept in financial theory, demonstrated in Chapter 3, is that the risk of the
earnings to common shareholders increases as the financial leverage nises.
As 2 companv increases the relative amount of debt capital in its capital
structure, total fixed charges increase. and the probability of failing to meet
the growing fixed charge burden increases also. The residual eamings
available to common stockholders become increasingly volatile and riskier
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as the firm increases its financial leverage, causing shareholders to require a
higher return on equity.

The relationship between capital structure and the cost of capital is
developed graphically in Figure 14-1. The horizonaal axis is the debt. ratio,
D/C. assuming that no other form of senior capital exists. The graph depicts
the return requirements of bondholders and shareholders in response to a
change in capital structure as the firm progressively substitutes debt for
equity capital.

The required return on debt is relatively flat from a debt ratio of zero
up to a critical debt ratio value. say 50%. Beyond that point, an increase in
debt ratio has an upward influence on bond returns as debt holders perceive
a significant increase in financial risk. The actual value of the critcal
threshold can be determined by examining the debt ratio of utilities with the
highest quality bonds (AAA). Any reduction in debt ratio below the critical
point would not vield significant reductions in interest costs. The security of
the bondholders’ investment is not subtantially improved by additional
reductions in the debt rauo. Beyond the critical point. bond returns increase

Figure 14-1
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in a2 manner consistent with the quality gradient observed for utility bond
yields and debt ratios. The points on the bond graph in Figure 14-1
correspond to the actual bond yields and debt ratos for electric utilities
rated AAA, AA, A, and BAA at a moment in time. Access to debt financing is
likely to be severely curbed beyond the BAA rating level.

The curve depicting the behavior of shareholders as the debt ratio is
increased is developed as follows. At a zero debt rado, the return on equity
coincides with the return on total capital since the firm is all-equity financed
at that point. Beyond that point, with each successive increase in the debt
ratio, equity returns rise moderately ac first in response to increasing
financial risk to the point where the bond ratings begin to deteriorate. As
the debt ratio reaches dangerous levels where the solvency of the firm is
endangered, shareholders’ required returns rise sharply.

The relationship between the average cost of capital and capital
structure emerges direcdy from the assumed behavior of bond returns and
equity returns. This is also shown on Figure 14-1. At zero debt ratio, the
cost of capital is coincident with the cost of equity. With each successive
substitution of low-cost debt for high-cost equity, the average cost of capital
declines as the weight of low-cost debt in the average increases. A low point
is reached where the cost advanuage of debt is exactly offset by the increased
cost of equity. Beyond that point. the cost disadvantage of equity outweighs
the cost advantage of debt, and the weighted cost of capital rises according-
Iy.
The most salient characteristic of the graph is the U-shaped nature of
the cost of capiual curve, pointng to the existence of an opumal capital
structure whereby the cost of aapital is minimized. Despite the rise of both
debt and equity costs with increases in the debt ratio, the weighted average
cost of capital reaches 2 minimum. Beyond this point, the Jow-cost and tax
advantages of debt are outweighed by the increased equity costs. This
occurs just before the point where bond ratings start deteriorating, and the
cost of capital increases rapidly at higher debt ratios.

Utilities should strive for a capital structure which minimizes the
composite capital cost, including taxes. Hypothetical capical structures are
sometimes used by regulatory commissions to determine a fair allowed
return if a utility is deemed to have deviated significandy from the optimum.
A hypothetical capital structure may lower the cost of capital, which in turn
may translate into lower rates for consumers as long as by using more debt,
the cost and tax benefits of debt outweigh the increased equity costs.

Finding the optimal structure is easier said than done, however. The
graphical relationships of Figure 14-1 are difficult to measure accurately.
About the only relationship which can be charted with some confidence is
the bond return graph. Observed bond yields and attendant debt ratios for
comparabie companies can be employed to develop such a graph. The
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equity return graph is difficult to construct precisely. As is evident from the
previous chapters. the cost of equity is difficult enough to estimate at 2 given
capital structure. let alone for a whole range of alternative capital structures.
Nevertheless. reasonabie procedures for deriving the cost of capital curve
can be devised as the examples of the next chapter will demonstrate. But
first the formal theory underlying the existence of an optimal capital
structure will be oudined.

143 AN OVERVIEW OF CAPITAL STRUCTURE THEORY

No Tax Version

Assuming perfecdy functioning capital markets and the absence of
corporate taxes. Modxg!um-Mxller (1966) have argued that the value of 2
corporation. hence its cost of capital. is independent ent_of capital structure. capital structure.
Financing decisions are irrelevant under these assumptions. The value of a
firm is determined by the left-hand side of its balance sheet, that is. by the
earning pawer of its assets. How the stream of operating income generated
by the assets is apportioned among the bondholders and shareholders is
irrelevant. By analogy, the value of a pie (operating income) should not
depend on the manner in which it is sliced. Modigliani-Miller provide an
arbitrage proof of this proposition, whereby two identical firms with
differing capital structures must have the same value if riskless profit
opportunities are to be avoided. Figure 14-2 shows how the overall cost of
capital. hence revenue requirements. are unaffected by the debt ratio under

this theory.

the weighted average cost of
leverage, it follows that the required return on equitv resuiting from the
added nisk of leverage completelv offsets the low-cost advantage of debt.
Otherwise, the weighted average cost of capital could not remain constant.

ther words. the total cost ital remaing ynchanged e
pital structure because the increase in i i i m

greater leverage is exactlv offser by the subtitution of lower cost debt fgr

higher cost of eguity. This is shown in Figure 14-2. The exact relationship
between leverage and the cost of equity is linear and is expressed as:

{14-3

ital ins cha

K, =p+ (p~DB/S

where p is the cost of equxtv for an all-equity firm, B/S is the market value
leverage racio. and ‘i’ is the current rate of interest. Equation 14-3 is easily

derived by solving for K, in the following equation:
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Figure 1.4-1
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which is the straightforward definition of the weighted average cost of
caputal. using market value weights and returns. and by substituting ‘p’ for
‘R’. The cost of capiwal for an all-equity financed firm, p’, and the cost of
capital of a levered firm. K. are identcal under Modigiiani-Miller's proposi-
uon.
The accounting analog to Equation 14-3, using actual returns instead

of expected retumns is:

r= R + (R-i}] D/E (14-5)

where r = return on book value of equity, R = operating rate of return on
assets. i = incerest race on aggregate debt, D = book value of all interest-
bearing debt, E = book value of equity, T = tax rate. This result is defived

in Appendix 14-A.

The major implication of either Equacion 14.3 or Equation 14-3. is
that two firms with different debt ratios will have different equity costs. even
though they have the same business risk and the same overall cost of capital.
This is shown on Figure 143 where firm A and firm B have debt ratios of
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(B/S), and (B/S), and equity costs of K, and K, respectively, and vet have
the same overall cost of apial K.

Introducing Corporate Income Tax

Modigliani-Miller admit that their initial thesis ignores the tax deduct-
ibility of interest payments on debt. Recognizing the income tax savings of
interest payments. their argument implies a continued reduction in the cost
of capital as the debt ratio is increased. Therefore, the firm’s optimal capital
structure is 100% debt. This is shown in Figure 14-4, where the cost of
aapital, thus revenue requirements, decline with each relative increment of
debt capital. The value of the firm increases with the debt ratio because of
the added value of the tax savings generated by debt financing. As the irm
substitutes debt for equity apital, the fraction of operating income diverted
to the tax authority becomes smaller, and the fraction aceruing to sharehold-
ers becomes correspondingly larger. Adding debt thus enhances the value of
the firm and reduces the overall cost of capital and ratepayer burden. The
linear relationship between the overall cost of capital and debt rauo shown
on Figure 14-4 derived from the tax-adjusted Modigliani-Miller theory can

be expressed as:

Figure 14-3
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CAPITAL STRUCTURE, COST OF CAPITAL,
AND REVENUE REQUIREMENTS
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Capﬁai. Structure, Cost of Capital,
-And Revenue Requirements

By EUGENE f. BRIGHAM, LOUIS C. GAPENSKI, and DANA A. ABERWALD

- This article describas a study made to detsrmine what changes in a utility’s cost of equity capital result from
changes in its capital structure, and whether there is an ideal capital structure that will minimize the
ulility's cost of capital and its revenus requirements. From a computer model developed by the authors

it was found that changes in the costs of debt and equity are offsst by changes in the weights assigned o
them in caiculating the overall rate of retum, thus creating negligible effects on the overall return and revenue
requirements. The article also points out some probable consequences of recent revision of
the federal income tax code in.this connection.

Most electric, gas, and telephone utilities have recently
been reducing their debt ratios and generally improving
their balance sheets. This trend has raised two questions:
(1) How do changes in capital structure affect the cost
of equity? (2) Is there an optimal capital structure, de-
fined as one that minimizes revenue requirements over
the long run, and if so, what is it? The Florida Public
Service Commission asked us to study these issues, and
this article summarizes our analysis and conclusions.

We began our analysis with a review of the business
risks faced by the utilitie: This analysis indicated that,
even though most utilities” positions have improved dur-
ing the past two or three years, the general trend in

"The Effects of Capital Structure on Utilities’ Costs of Equity end Revenne
Reguiremenss, by E. F. Brigham. L. C. Gapenski, and D. A. Aberwald,
blic U Revearch Conter, University of Flonds. June X. 1986,
study was funded, at the request of Florida comnussin. by
Florida Institute of
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business risk has been up, and all utilities today face
more business risk than they did in the 1960s and early

" 1970s. Since the optimal capital structure depends heav-

fly on business risk — the higher its business risk, the
lower a company’s debt ratio ~— the recent balance sheet
improvements were appropriate.

We also examined the major theoretical and empirical
works on the relationship between capital structure and
capital costs, and we did some empirical work of our
own. We concluded that a one percentage point change
in the debt ratio causes. on average, a change of about
12 basis points in the cost of equity. However, we alsv
found, using & computer model which we developed,
that changes in the costs of debt and equity are offset
by changes in the weights used to cakulate the overall
tate of return. As a resuit. the overall rate of return is
not atfected signiticantly by capital structure changes.

Our major conclusion is that capital structure deci-
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sions, within the range over ‘;vhich most utilities oper-
ate, have negligible effects on revenue requirements.
Operating decisions, on the other hand, can and do
have major effects both on the quality of service and on
revenue requirements. Therefore, capital structure deci-
sions should be focused primarily on ensuring that fi-
nancial constraints do not hinder operations.

Seckground

In a typical rate case, the rate of return the utility is
allowed to earn on its, rate base is found as a weighted
average cost of capital (WACC):

WACC = wakg + wpkp + Wik, 4}

Here the w's are the weights and the k's are the com-
ponent costs of debt, preferred, and common equity.
Embedded costs are used for debt and preferred, but a
current cost rate is used for common equity. The weights
can be based on the actual capital structure at a given
date, or on an “imputed” capital structure if there is
reason to believe that the actuai capital structure is for
some reason inappropriate. The choice of weights can
have a significant effect on the resulting weighted aver-
age cost, and that, in turn, can have a significant effect
On revenue requirements, customers’ bills, and the com-
pany’s eamings. Thus, capital structure can be an im-
portant rate case issue.

The optimal capital structure, which minimizes a firm’s
WACC and hence its revenue requirements. depends
primarily on the company’s business risk: The higher its
business risk, the lower its optimal debt ratio, other
things held constant. The past twenty years have wit-
nessed a sharp increase in business risk for all utilities «
since 1965, business risk has trended up due to infla-
tion, regulatory lag, increased competition, nuclear prob-
lems, and declining growth rates. Further, there has
been a change in regulators’ attitudes toward who should
bear these risks, customers or investors, and today the
genenal feeling is that investors are being required to
bear a larger share than in the past.

Because of increases both in the level of business risk
and in the share bomne by investors, the utilities should
have begun to raise their equity ratios back in the 1960s.
However, as the top section of Table 1 shows, equity
ratios actually fell from 1965 to 1975, when business risk
was rising most rapidly, but then rose after 1975. Both
total earnings and the amount retained: increased, and
market-book ratios moved up to or above one, making it
rational to issue common stock.:Even more important,
construction programs slowed, so the equity buildup
was not offset by an increase in debt, permitting equity
ratios to rise. Currently, the average electric or gas com-
pany has a stronger equity ratio than in 1965, while the

16

Table 1
Equity Ratios in the Wility industries
A 196583
Equity Ratios
Eleciric Gas Telsphone industriais
1965 L) “% 0% 5%
1875 33 % 45 (-7}
1983 8 7 83 és
B. 1991-80
Equity Ratios
Eleckic Telaphone
{Eam) Gas {Entire industry) incustrisis
1881 3B% 0% 51% 64%
1983 40 80 84 es
1988€ 42 82 ] NA
1908E 2 52 14 NA
1988€ 43 52 58 NA
Sounces Section A: Compustat. The slectnc and g8s data repre-

telephone companies are moving back toward their ear-
lier levels.

The timing of capital structure changes differed signif-
icantly among companies. Those electrics which com-
pletéd their construction programs in the late 1570s or
early 1980s had a head start building up their equity
vatios, and several of them presently have equity ratios
in the 50 per cent range versus the industry average of
42 per cent. Those differences have prompted hearings

*by some commissions and have even led 1o regulatory
caps on equity ratios.

The telephone companies. especially the Bell regional
holding companies, have also come under study. It has
been observed (1) that the telcos have higher equsty
ratios than the electrics and (2) that the teicos’ equity
buildup over the last ten years has been especially pro-
nounced. This has raised the question of whether some
telcos have “too much” equity. However, there are sig-
nificant differences between telephone and electric com-
panies, and one can argue that the telcos are exposed to
more business risk than the nonnuclear-construction seg-
ment of the electric industry, and, consequently, that
the telcos should use more equity. Indeed, judge Greene
took exactly that position when*he decreed that the re-
giona! holding companies should be spun off from AT&T
with a minimum of 55 per cent common equity. (The
average electric at the time (1983) had a 40 per. cent
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commyTc™ By $Y 117 B4 *aljat equity ratic, including
preferred, of about 50 per cent.)

Capital Structure Theories

Finance theory provides helpful insights into capital
structure issues, but the theory leaves many key ques-
tions unresolved. In his 1983 presidential address to the
American Finance Association, Professor Stewart Myers
{9) suggested that finance theory can provide useful in-
sights into the factors that determine an appropriate
capital structure, but he also noted thst one cannot use
inance theory either to specify the effect of leverage on
the cost of capital or to identify the optimal capital struc-
ture for s given company. Capital structure decisions
must be made on the basis of informed judgement and
market data, not by mathematical formulas derived from
theory. Still, finance theory does provide insights wl\ich
caan help managers make better judgements.

Capital structure theory has been developed along two
major lines:

1) Trade-offs Between Tax Savings and the Costs of Finan-
cial Distress. The tax savings-financial distress trade-
off theory Is associated with Franco Modigliani and
Merton Miller, and it postulates that the optimal
capital structure for a firm can be established by
balancing the tax savings that resuilt from the use
of debt versus the drawbacks of leverage associ-
ated with various aspects of financial distress.

2) Signaling, or Asymmetric Information, Theory. This the-
ory postulates (1) that managers and investors have
different information about firms and their pros-
pects. (2) that investors genenlly view an cquity
offering as a sign that the issuing firm’s prospects
are not bright, and (3) that investors therefore lower
the price of a firm's stock and consequently raise
lts cost of equity when a new stock offering is
announced. From this it follows that firms should
use less debt than they otherwise wouid during
“normal” times so as to build “reserve borrowing
capacity” that can be used when above average
amounts of funds are needed.

Both theories have merit, and both should be taken into
account when establishing capital structure targets.

The Relationship Between Financial Leverage

_ And the Coat of Equity

Theoretical Studies

Several theories, sl of them rooted in the classic prop-
ositions set forth by Modigliani and Miller (MM) in 1958
and 1963 [7, 8], have been proposed 10 explain the effect
of leverage on the cost of equity. All of the theories

JANUARY 8, 1987 —PUBLIC UTILITIES FORTNIGHTLY

agrev that the cost ot equity Increases as & '~ uses

more and more debt. Huowever, the exact speatication

of the relationship depends on the undesiving assump-
tions, and no one knows which set of assumptions is
most correct, or even if any of the assumption sets s
good enough for practical nppbanons

Figure 1 and its accompanying notes show the rela-
tionship between financial leverage and the cost vf eg-
uity for an electric utility under perhaps the three best
known theories. We do not present this material to in-
dicate what we believe the true relationship to be: rather,
we use it to demonstrate the huge differences between
three popular theories.

Several others have relaxed MM's assumptions, wlm.'h
makes the model more realistic, but the modified mod-
els do not provide specific. mathematically precise for-
mulas into which real-world data can be inserted to
produce “answers.” As a rule. though, the alternative
trade-off theories suggest results which lie between the
extremes shown in Figure 1.

Empirical Regression Studies

When it became clear that theory could not be used

to establish the relationship between leverage and the
cost of equity, researchers tumned to empirical studivs.
Table 2 gives predictions based on the three main ver-
sions of the trade-off theory and then shows, for com-
parative purposes, resuits based on several key empin-
cal studies [1, 2. 3, 4, 5. 10]. The empirical results show
the same kind of variation as the theories, and while
the empirical analyses all show that equity costs increase
with leverage, the increases are generally smaller than
the theories would predict.

As a part of the Public Utility Research Center study.,
L. C. Gapenski [3] conducted a new, updated statistical
analysis of the empirical relationship between capital
costs and financial leverage. Basically. Gapenski found
that an increase in the debt-to-total-assets rativ from 40
to 50 per cent resulted in an increase in the cost of
equity of about 72 basis points when leverage is mea-

sured in terms of expected book values. As Table 2

shows, Gapenski's new rindings are consitent with the
earlier empirical works.

it should be noted that a bias exists in all regression
studies if the independent variables are measured with
error, as they almost certainly are in the case of cost uf
capital studies, where most of the variables are provies
which are supposed to measure investors’ expectativns
about future events and conditions. This measurement
error bias causes all regression studiés, ours included,
to understate the true relationship between leverage and
the cost of equity. It is impossible to determune the
exact size of the bias, but we -conducted several
substudies on this effect. We concluded that, once the
measurement error bias is eliminatad, the best estimate
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i Rgure 1
Theorstical Relationships Between Financial
Levarage and the Cost ol Equity
For an Elecrric Utikty
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The Bond Rating (Risk Premium: Methad

We also used a risk premium approach to estimate
the effects of changes in leverage on the cost of equity.
Here we combined the bond rating guidelines published
by Standard & Poor’s with interest rates on bonds with
different ratings. For the electric utilities, each percent-
age point change in the debt-to-capital ratio results in a
7.8 basis point change in interest rates within the 42.5
to 48 per cent debt ratio range, and a ten basis point
increase for debt: ratios within the 48 to 34 per cent
range. The data did not permit analysis outside the 42.5
to 54 per cent debt ratio range, s0 we cannot state ex-

actly what wouid happen to interest rates if debt were.

below 42.5 or above 5¢ per cent. However, assuming
that the 7.8 basis point adjustment also applies in the
42.5 to 40 per cent range, a change in the debt matio
from 40 to 50 per cent would cause the cost of debt to

change by 82 basis points:

Change in cost of debt = 2.5(7.8) + 5.5(7.8) + 2(10)
= §82.4 basis points

This methodology can be extended to estimate the
effects of leverage on the cost of equity. We know that
the same fundamental factors that affect the riskiness of
a company’s bonds also affect the riskiness of its stock.
Therefore, if something occurs to cause the riskiness
and consequently the cost of the firm’s debt to increase,
then the cost of its equity will also rise. Most of the
work in finance theory, as well as common sense, sug-
gests that the effect of an increase in leverage is greater
on the cost of equity than on the cost of debt. As long
as operating income exceeds interest charges. changes
in operating income have no effect on bondholders’ re-
turns, but any change whatever affects common stock-
holders. For this reason, ac very low debt ratios, adding
more debt has little effect on a bond’s risk and required
return, but the additional debt would affect stockholders.

Our studies indicate that if a ten percentage point
increase in the debt ratio, from 40 to 50 per cent, wouid
increase the cost of debt by 82 basis points. then the
effect on the cost of equity would be 30 to 40 basis
points greater. Therefore, a debt ratio increase from 40
to 50 per cent would cause the cost of equity to increase

by from 112 to 122 basis points.
The Pudlic Uiy Research Canter
Capital Structure Model

From a regulatory viewpoint, ﬂuh'y issue is capital
structure’s long-run effect on revenue requirements. To
ausess this eftect, we developed o ‘Lotus '1-2-3 model
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Table 2
Results of Prior Empiical Studies Compared
To Theoretical Resutis
increase in Bguty Cost

When Debdi--Total-Assets Ratio
. neoretica) Studies increases from 40 10 50 Per Cent

MM (1938) 115 basis m.
MM (1983) a
Miller (1977) . 21
Average 138
Empirical Asgression Studies
Brighem & Gordon (3 -7
Gorgon (1974) (195%) 45
Robichek e al. (1873) %
Mehta ot al (1960) 100
Gapensiu (1988) T2
Avarage 67
Risk Premium’
8nigham, Shome, & Vinson (1985) 120

which tests the sensitivity of revenue requirements and
other vutput variables to capital structuse changes. The
most important inputs to the 1-2-3 model are the rela-
tionships between leverage and capital costs. We as-
sumed a beginning capital structure of 48 per cent debt,
10 per cent preferred, and 42 per cent common stock.
Beginning embedded costs are 9 per cent for debt and 8
pes cent for preferred. Marginal costs, assuming no chenge
in capital structure, are assumed to be 9 per cent for
debt, 8 per unt for preferred, and 13.5 per cent for
common equity.?

Ot course, all these values could be changed, and any
capital structure change, along with varying assump-
tions about capital cost rates, could be examined. We
report in this article the results of one capita} structure
change ~— a five percentage point decrease in debt from
48 t0 43 per cent. Thus, the Srm’s capital structure moves
to 43 per cent debt, 10 per cent preferred (the preferred
ratio is held constant), and 47 per cent common equity.

’w.mun.wnumjww.unmamm

whatever 10 estishate the cunent cost cqli!yloranypwnnlihyw
for the industry average. Therviore, should avt assume thet we
bchmhmmlondnqmtyhlﬂpuamormymm
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We assume that this decrease in leverage will lower
debt and preferted costs by 40 basis pomnts. Then, we

examine three different situations regarding the impact

of the capital structure change on equity costs. In the
“most likely” case. we assume that the equity cost Jde-
creases by 50 basis points upon announcement of the
capital structure change. However, we also show the
resuits if the decrease in equity cost is as fow as 25
basis points (the low-sensitivity case) ur as high as 73
basis points (the high-sensitivity case).

Table 3 gives the key results of the mode! runs for the
electrics. Similar runs were made with a version of the
model adapted to telephone companies. Data were gen-
erated for every year from 1986 to 2001, but to avoid
unnecessary detail, only selected years are shown. Sec-
tion [ focuses on the pretax weighted average cost uf
capital, Section Il on revenue requirements. Section Il
on monthly residential bills for a 1,000-kilowatt-hour cus-
tomer, and Section IV on pretax interest coverage ratis.*

The most striking feature of the results is that capital
structure changes have very little effect on any of these
key variables. in 2001, sixteen years after the decision by
change the capital structure, revenue requirements dif-
fer between .the base case and the most likely case by
only $18 million on a base of about §11.6 billion, or by
only 16/100th of one per cent, and the average custum-
er's bill differs by only 29 cents on a base of Sisa.30,
again, only 16/100th of one per cent. Differences are
even smaller in the near term. In view of the uncer-
tainty over the values which should be assigned to the
inputs, these differences are trivial.

The overriding conclusion to be drawn from our anaiuses s
this: Capital structure chanyes have hittle impact on a utdditv's
revenue requirements or its customers” bills. Capital structure
does affect the cost rates of both debt aad duily, bul Jhanges
in those variables are offset by changes in the weichts or vach
capital struciure component.

We also used the model to study the effects of changes
in inflation, fuel, labor, and fixed costs such as deproci-
ation. The effects of changes here are dwarfed by the
impact of capitai structure changes. That. m turn. lai r
the conclusion that the primarv focus of camtal structure des:-

sions should be on ensuring that tinancial constramits o mut

hinder ¢fficient operations, uot on the effects of caputal <trig-
ture per se on revenue reguirements.

Capital Structure and Construction Cycies

Finance theory suggests that thc'..capiul structure
should be set 50 as to obtain the maximum tax benehits
from debt consistent with maintaining a reserve of bur-
rowing capacity sufficient to permit efficient (inanciny

The weighted average cost of capital ;lven in Table 3 1 duterom
from the one discussed in rate cases. The poe we dhim “gthmees up”
the return on prefemad and common W o beiore WL Basin B U gremasl

up WACC is at o aummum, then the sum of mivtest. prefernsd dinse
dends, retum (o common, and income taves will be ounimuend
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TABLE 3
Key Results of the Enargy Model Funs
L Pretax WACC :

1908 1987 1900 1996 2000 2001
Most Liksty Case 1300% 1306% 1417%  1421%  4IT%  14.16%
Low-sensavty Case . 1396%  1406% 14M% 1439%  1435% 4%
High-sensamty Case 1265% 1373% 1350% 1403% 1399%  13.90%
Base Case. No Capast Sructure Changs + 14.12% 14.12% 14.12% 4 12% 14.12% 14.12%

. . Reverwe Requirements

1908 1907 W00 16 200 2001
Most Liksty Case $4135  $4437 S5482 S7.T24  $10874 $11.645
Low-sensarvity Case $4147 $4450 $83500 $7.TS0 810911  S11.684
Hph-senstivty Case $4122 $4427 $6484 $72.807 $10838 $11.808
Base Case: No Capmal Structure Change $4185  $4450 $5467 $7.704  $10856  $11.627

8. Avrags BN

1988 1987 1990 1995 2000 2001
Most Likely Case $89.40  $94.08 swa 20 $1X73 317839  $19708
Low-sensitivey Case $8067 $9434 510886 $14021 $17880 $187.7
High-sensitivity Case $85.13 $9375 $105.13 $1382€ S177.59 $186.45
8ase Case' No Capial Structure Change $35.85 $9434 $10021 $13038 $i7780  S186T9

V. Protax Covernge Ratio

1908 1987 1990 1905 2000 2001
Most Likety Case 328 339 373 387 3 s
Low-sensaty Case 132 343 :;577 30 394 384
High-sensiivty Case 3z 338 '68 382 384, 3ss
Base Case. No Capual 334 N 3u 3u 134 334

Structure Change

during times of stress. If a company is strong, it can
raise funds at a reasonable cost from many different
sources, but If it is weak, it cannot get money on rea-
sonsble terms except on a secured basis, and the better
the security, the better the interest rate and terms. There-
fore, in times of stress utilities need access to the in-
‘vestment grade first mortgage bond market.

In the minds of most investors, the greatest risks for
an electric utility are associated with construction. If a
company has all of its generating piants in the rate base
earning a cash return, then it will probably be regarded
as a strong company. On the other hand, if it is in the
midst of a major construction program, it will be per-
ceived as facing risks. Planning and building a base-
load generating station genenlly takes from eight to
twelve years. and much can happen during that ime ~—
costs can escalate. load growth can decline, relative fuel
prices can change, new lechnolugies can be introduced,
environmental problems can surface, and so on. Fur-

ther, investors know that if things work out as planned
or better, the company will be allowed t0 earn its cost
of capital, but no more, while if things do not work out
as well as anticipated, full recovery may not be permit-
ted. So, when a company begins a major new construc-
tion program, that very fact will cause it to lose {avor in
the capital nlarkets. '

Now consider Figure 2. The top section shows the
long-run construction expenditure forecast for a hypu.
thetical utility. The company projects a smooth, siowly
growing level of expenditures for transmission and dis-
tribution facilities, and periodically it must build 2 new
generating tnit (or refurbish an old unitl. The lower
graph shows the equity ratio situation. The loag-run
targel ratio Hcpmds primarily on basic business risk,
which we assume is constant. However, the actual eg-
uity rativ should cycle about the long-run target level,
nsing when construction ::;1ivi;il‘s aee Jaw, then dechn-
ing as the company goes into itd peak expenditure pe-
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o e vt g s



AUG 23 93 11:88 AUS

Fgurs 2
fAeladonship Betwesn Construction Expenditures
And Capital Siructure
Capital
Expenditures .
ts)

Generation
\,

Jeacrs

4
acia’
Y

riod, because peak expenditures would be financed pri-
marily by debt.*

The pattern shown in Figure 2 is eonmtem both with
finance theory and with what utilities have been doing

in recent years, but several questions are suggested by -

the graphs: (1) At what level should the long-run target
capital structure be set? (2) How far above or below the
long-run target should the actual equity ratio go? (3)
Should the same targets be used by all utilities? (4) For
regulatory purposes, should the target or the actual capi-
tal structure be used to determine the allowed rate of
return? These points are addressed next.

1) The long-run igrget. It is critically important that a utjl-
ity be able to raise capita! under adverse conditions,

‘l‘hmﬂqﬂynﬂoma&omwﬁuumw
result of Mhdnddnlnd ~d

nt, opportunities outside the utility will
g company deCisions with regard to the atili-
tyspaymmddmdﬂmwdupanntmdhu\wwmmmmm
utility and the consolidated capital structures.
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and investors look to bond ratings as a guide 1o & gm-
pany’s creditworthiness. Putting those two facts together
suggests that the long-tun target, under 1986 conditions.
should be consistent with the guidelines for a “double
A" bond rating.

The virtual impossibility of “proving” what the opti-
mal capital structure is, combined with the fact that &
company’s own circumstances have a bearing on its op-
timal capital structure, suggests that considerable scope
should be allowed for managerial discretion. Conditions
in the utility industries are currently in a state of flux,
making it important that the capital structure target be
reviewed periodically.

2) Deviations about the target. Deviations from the tar-
get capital structure will occur because of such random
factors as bond maturities and capital market fluctua-
tions, and because of construction cycles. Such devia-
tions are necessarily company specific; for example. a
relatively small electric company would normally expe-
rience wider capita! structure changes than a larger com-
pany because a new plant would represent a larger per-
centage of the small company’s total capital. Still. it
would seem prudent to plan to keep the common ey-
uity ratios at least in the “A” range. At the high end.
we would question the merits of an electric having an
equity ratic above the low 505 on the grounds that it
would be giving up substantial tax savings and getting
little in return.

3) The regulatory capital structure. Assuming a company
is operating within a reasonable range. its actual capital
structure {or the one forecasted during the period when
rates will be in effect) should be used for rate-making
purposes. This would minimize the long-run cost vf cap-
ital, because investors have more confidence in the im-
partiality of regulation when they see actual as opposed
to hypothetical data being used.

Tax Law Changes

Taxes have an importint effect on the optimal capital
structyre, and our tax system will soon undergo a ma-
jor change. Therefore, we considered how the new tay
laws will affect capstal structure decisions. We began by
noting that four aspects of the new tax legislation will
affect capital structure decisions: (1) the change in cor-
porate tax rates from a statutory tate of 46 per cent to 3
new rate of 34 per cent; {2) changes in personal tay
rates, including the elimination of the diflerential treat-
ment of capital gains and ordinary income; (3) changes
in depreciation rates, and (4) elimination of the invest-
ment tax credit. .

Effects of Changes in the Corporate Tax Rate

Modigliani and Milles, in 1963, dcmun:lrated that une
major reason for including debt i m the capital structure
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is the fact that interest is deductible. Modigliani and
Miller also showed that the tax benefit of debt is di-
rectly proportional to the corporate tax rate — the higher
the corporate tax rate, the greater the advantage of the
interest tax shelter, and the more debt frms should
have in their capital structures. The old corporate tax
rate was 46 per cent, while the new rate is 34 per cent,
Other things held constant, this change in the corporate
tax rate should lead to the use of less debt and more
equity, that Is, to a higher equily natio.

The carporate rate dungeanthobcmldoudln
terms of revenue requirements. Suppose a company has
$100 of rate base assets, $50 of debt with s cost of kg =
10 per cent, $50 of equity with a cost of k, = 15 per cent,
and a tax rate of T = 46 per cent. The required rate of
returm on sssets will be 18.89 per cent

Required
Retum on Assets

ROA)

= wgky + wlk/1 - T))

= 0.5(10%) + 0.5(15%/0.54)
= 0.5(10%) + 0.5(27.78%)
= 18.89%

Revenue Requirements = 0.1899(5100) = $18.39
To Satisfy Investors

If the company sarns 18.89 per cent on its $100 rate
base, then it can pay $5 of interest to bondholders,
$6.39 of taxes, and have §7.50 left for stockholders.

Now let the tax rate decline to 34 per cent. Assuming
kg and k, are unchanged at 10 per cent and 13 per cent,
respectively, the overall cost of capital will decline to
16.36 per cent: ’

Required
Return on Assets

(ROA)

= 0.5(10%) + 0.5(15%/0.66)

= 0.5(10%) + 0.5(22.73%)
- 16.36%

Revenue Requirements = 0.1636(5100) = $16.36

Revenue rsquirements fell because the pretax cost of
equity declined as a result of the tax rate reduction.
Since the cost of equity declined, but the cost of debt
remained constant, it seems reasonable to think that if
the company’s optimal capital structure was 50-50 be-
fore the tax rate change, then after the change the com-
pany should use somewhat more equity.

The tax rate change also affects coverage ratios, Our
hypothetical company’s pretax coverage ratio when the
46 per cent tax rate was in effect was 3.78x:

w.k,
Coverage = Waka + 1 = T

waky

0.5(15%)

= 0.5(10%) + 0.54
0.5(10%)

= 3.78x

When the new tax rates take effect, the coverage matio
will decline to 3.27x:

0.5(15%)
Covm;e = 0.5(10%) + 0.66
0.5(10%)

= 3.27x

Thus, the corporate tax rate change cuuld be expected
to Jead 1o a decline in utilities' coverage ratios. That, in
turn, suggests that companies will need to increase their
equity ratios somewhat to offset the tax-induced cover-

age decline.

Effects of the Changes in Personal
Tax Rates -

In the preceding section we saw that the reduction in
the corporate tax rate will, other things held constant,
lead companies to increase their equity ratios. Of course,
all other things are not constant, and one of those things
is the personal tax rate. There is a possibihty that
changes in personal tax rates will lead to changes in the
relative costs of debt and equity, and that these changes
could affect the optimal capital structure.

The top personal tax rate will drop trom T, = 50 per
cent to T, = 28 per cent. but the top capital gains tax rate
will rise from T, = 20 per cent to Ty =.28 per cent. Thuse
changes will clearly benefit bondholders — for a top
biacket bondholder, the after-tax return on a 10 per
cent bond will rise from 5 per cent to 7.2 per cent:

Old Aftertax
Return on Debt:

New After-tax
Return on Debt: ky(l -

kel ~ T) = 10%(0.5) = 3

T) = 10%(0.72) = 7.2%

The effect on stockholders depends on how the equity
return is divided between dividend yield and capital
gains from growth. Forexample, ifk, & D/P + g = 10 +
5% = 13%, and the investor has a oae-yur holding pe-
tiod. then the after-tax retumn on the stock wiil change

as follows:
Qld After-tax Return = 10%(] ~. ‘l'p) + 3% - Tp)
T m lﬂ%(oﬁ) + 5%10.8)
- 0%

PUBLIC UTILITIES FORTNIGHTLY—JANUARY 8 1987
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“New After-taxReturn = 10%(0.72) + 3%(0.72)
= 10.8%

Now notice that the after-tax return on bonds has risen
by (7.2%/5%) — 1 = 44%, but the after-tax retum on
equity hasincreased by only (10.8%/9%) — 1 = 20% . Thus,
the personal tax rate change is over twice as beneficial
to debt as to equity. Note, though, that these results
are quite sensitive to the stockholders tax bracket, o
the split between dividend yield and growth, and also
10 the length of the investor's holding period.?
These personal tax rate changes will undoubtedly al-
fect capital market ratés, and they will undoubtedly
cause the market cost of debt to fall relative to the mar-
ket cost of equity. However, we have no idea of the
magnitude of these effects. If utility stock prices and
bond interest rates are determined primarily by such
institutional investors as pension funds, which are In
the zero tax bracket, and by low-bracket retirees, then
there will be 0o personal tax effects whatever. Our guess
is that personal tax rate effects will not turn out to be
very important, that the market costs of debt and equity
will not be significantly affected by the tax law changes,
and hence that the personal tax rate changes will not
have a material effect on capital structure decisions.

Depreciation and the Investment Tax Credit

As we noted earlier, capital structures can be affected
by whare a company is in its construction program and
by its availible cash flows. Therefore, we were con-
cerned about how the tax law changes might affect cash
flows and hence capital structures.

The elimination of the investment tax credit (ITC) and
the lowering of depreciation rates will. both have an
adverse effect on utiliies’ cash flows. However, most
utilities have compieted their major construction pro-
grams and many of those that are still building plants
have gotten their projects “grandfathered” in under the
transition rules, so that they will stll get the ITCs and
can also depreciate the plants using the old rates. We
conducted a telephone survey of a number of utility
companies, and based on that survey we concluded that
the loss of the ITCs and the changes in depredation
rates will not have a material adverse effect on most
companies’ cash flows over the next five or six years,
but these chinges will have a very serious adverse ef-
fect when the next round of generstion construction
begins.

This situation suggests to us that it is even more im-
portant, under the new tax laws, for utilities to incresse
their equity ratios now, while construction is low, be-

’l{nhv-uhddnath:kundhushdu then the capral
gains tax is avuided entrely, and the after-uax retumn on vur lustrative
stock would be 10% (.72) + 5% = 12.2% mher than 10.8%.
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cause [TCs and deferred taxes will not be available to
help finance the next round of base-load construction.

On balance, the 1986 tax changes should, if anything,
lead to further increases in equity ratios.

Conciusione

Our study was designed (1) to examine the effects of
capital structure on the cost of equity and (2) to con-
sider the proper range of capital structures for utilities.
We examined past theoretical and empirical regression
studies bearing on these issues; we performed some
empirical studies of our own; and we developed a com-
puter model which permitied us to study the effects of
alternative capital structures on revenue requirements
and customers’ bills. .

Our major conclusion was that capital structure deci-
sions, within the range over which most utilities oper-
ate, have insignificant effects on revenue requirements.
Operating decisions, on the other hand, can and’ do
have a major effect on revenue requirements. This sug-
gests that capital structure decisions should be focused
primarily on ensuring that ﬁnlndal constraints do not

hinder opeintions.
The electric utilities go through major construction cy-

 cles, and their actual capital structures should vary from

the long-run targets over these cycles. When a major
plant is completed and placed in the rate base, inter-
nally genersted cash flows should exceed construction
expenditures, and the equity ratio should be built up
and should peak just before the start of the next major
construction program. During construction, the company
should finance heavily with debt, thus causing the eq-
uity ratio to dedine. and this ratio should bottom out
just as the construction program is compieted.

We found that the cost of equity for an electric com-
pany changes by an average of 12 basis points per per-
¢entage point change in the common equity ratio, as-
suming the company is within the 40 to 50 per cent
equity ratio fange. The basis point change is smalier
toward the high end of the equity ratio range, so an
increase in equity from 49 to 50 per cent would only
lower the cost of equity by about seven basis points,
but an increase in the ratio from 40 to 41 per cent would
lower the cost of equity by about 15 basis points. Both
theory and the available evidence suggest that the same
general situstion would alsg exist for the telephone com-
panies, but within a higher equity ratio range.

Finally, we considered the effects of the 1986 tax leg-
islation. The direct effects of the tax changes will be to
reduce the tax shelter benefits of corporate debt, to lower
the pretax cost of equity relative to the cost of debt, to
reduce cash flows available to support construction, and
to lower coverage ratios. All-of these changes will in-
crease the optimal equity ratio. However, changes in

o TT—
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mhdvc to the mrket cost of equ!ty. and that could
‘offset at least some of the pressure 0 increase equity

sauys. VN paiance, though, the effect of the tax law
changes should be to raise equity ratios over the other-
wise optimal levels.
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Smali-Scale Gas-fired Cogenerstion Disappesred in 1986

The cogonmuumnopur reports that qualilying facility (OF) filings for gas-fired cogeneration systems
smalier-than 500 kilowatts have practically disappearsd in 1986.. The number of OF filings with the Federal Energy
WCmmmhavedmppmfmma1965pukd11swomnouympmpcldumgmemtugm

months of 1888.
According 10 the Oclober issue of the

Pricing Report.” small gas-fired cogeneration activity

and dramatically increased afwer 1881. The number of OF applications for gas-fired systemns smatier than 500

steagily
kilowstts increased from two projects in 1981 [0 an annual tota! ¢f 115 projects by the end of 1985. However, through .
the first eight months of 1988 OF status was sought for one gas-fired cogeneration systam smaller than 500 kilowatts.

This dramatic drop-oif in small cogeneration activity is largely tied 1o seiected provisions of the Tax Reform Act of
1986. The new (ax law will directly affect the economics of small, gas-fired cogeneration projecis, sspeciatly in the
arsas ol gepreciation and the investment tax credit (ITC).

Under the acceieralad cost recovery systsm of deprecistion offered by sarfler law. small projects sre depreciated
over a mn-year period. With the new law, the actual service life of the squipment will be used as the bamis (or
fiftiosn years on these systems. An eariisr 10 per cent business investment tax credit wif be
the now law. M.amdmmmumumwmmmmmngem
Tnndoun cumpropwspoclacaw that were cenified by the FERC as QF

966. quaiily for ITCFum.pmpchmeuﬁfnduQFmormemml 1986.
uwmmwummmmmmmmum:m
tax law changes contribuied 1o 8 nush of appiications for certification as 8 OF priot to the end of-
of owners were accelerating their piana to file for OF status 10 baat the yesi-end expiration
partially expiaing the frenetic activity prior 10 the end of that year and the lack o! acuvily dunng the
Pﬁdiﬂﬁ‘nﬁwmm however, that only one application was made during the (irst exgnt
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